A consensus does not exist regarding the nature of mechanisms linking the initial events of CC14 metabolism to emergence of the classical indices of CCI, liver cell injury. The possibility that a CCI,-dependent distuibance of intrahepatocellular calcium homeostasis might be a linking mechanism was investigated with isolated hepatocytes in suspension. CC14-dependent inhibition of very low density lipoprotein secretion was studied. On the basis of kinetic data, dose-response data, and failure of elevated cytosolic calcium levels to inhibit lipid secretion, it was concluded that disturbed intracellular calcium homeostasis probably is not important in CC14-dependent inhibition of secretion of very low density lipoproteins.
INTRODUCTION
The concentration of free calcium in the cytosol of hepatocytes plays a regulatory role in a variety of cell functions. Via orchestrated processes not fully understood, involving mitochondria, endoplasmic reticulum, and the plasma membrane, the concentration of calcium in the cytosol is regulated near 0.2 uM. The discovery that the capacity of the ER to sequester calcium is extremely sensitive to and is destroyed by CCl, and BrCCI, (1, 2, 3) led to the suggestion (4, 5) that a disturbance in overall hepatocellular calcium homeo%,tasis, and in particular a rise in cytosolic frhe calcium concentration, may be an important link between initial events of CC1, metabolism and the emergence of end-stage patho-Presented at the Second International Symposium Sponsored by the Universities of Sassari and Cagliari. Session IV: "Cell Injury and Xenobiotics". October 12-15, 1983. Alghero. Italy.
This Symposium section will be continued in Volume 12. Number 2, 198-1 logical phenomena such as classical CC1,dependent fatty liver. Results herein presented indicate that a disturbance of intrahepatocellular calcium homeostasis probably does not play a role in CCl,-dependent inhibition of very low density lipoprotein (VLDL) secretion.
METHODS
Hepatocytes from male Sprague-Dawley rats were isolated as described previously (6) . Dispersed cells were collected by centrifugation and washed once with Waymouth MB 752/1 medium containing 20% (v/v) horse serum buffered at pH 7.4 with 25 m M HEPES.
Cells were incubated in this medium at 37" under 95% 0,-5% CO, for 20 minutes before further use. To study triglyceride secretion (as VLDI,), the hepatocytes (10% w/v) were incubated for one hour at 37" in a medium as above containing 0.5 mM (l-'4C)-palmitate (2 mCi/mmol), 0.5 mM oleate, and 0.7% (w/ v) fatty acid poor bovine serum albumin (7) . This medium also contained penicillin (0.15 mg/ml) and streptomycin (0.25 mg/ml). The labeled cells were collected by centrifugation, and washed free of extracellular fatty acids by resuspension in and sedimentation from a medium (referred to below as the suspension medium) containing 60 mM NaCl, 40 mM KCl, 1 mM CaCl,, 2 mM MgSO,, 1 mM Na'HPO,, 5 mM D-glucose, 1 mM methionine, and 50 mM HEPES, pH 7.4. Washed cell pellets were suspended to 60% (w/v) in the suspension medium. Aliquots (0.5 ml) were transferred into 50 ml Erlenmeyer flasks containing 2.5 ml of the suspension medium which had been equilibrated at 37" for at least 40 min with various amounts of CCl, in 6 x 50 mm tubes placed within the sealed flasks. For determining zero-time control values, cells were treated as above, except no CCl, was present, and the flasks were placed on ice instead of being incubated at 37". Incubations were terminated by addition of 4 ml ice cold 0.9% NaCl, and the cells removed by centrifugation (5 min at 3000 x g). Medium VLDL were precipitated with Mgphosphotungstate (8). Since 90% of the radioactivity associated with the phosphotungstate precipitates was present as triglycerides. the rate of secretion of VLDL triglycerides was taken as equivalent to the rate of secretion of VLDL palmitate. The latter was calculated fromemeasurement of phosphotungstate precipitable radioactivity and the specific activity of "C-palmitate added to the incubation medium.
Microsomes were obtained by differential centrifugation of sonicated hepatocytes and their calcium sequestration capacity was determined, as previously described (6) .
The effect of A23187 on cell calcium content was determined by a method similar to that used by M'hiting and Barrit (9). Cells were suspended in 3 ml of suspension medium at a concentration of 10% (w/v, about 10 mg protein per ml) and incubated 40 min following the addition of 0.14 uCi 45Cg?+. At short time intervals before and after addition of A23187, aliquots of suspension (50 ul) were washed twice with 300 ul ice-cold suspension medium. Centrifugations of 6 sec duration in an Eppendorf model 5412 centrifuge were used to quickly separate cells from wash medium. Cell pellets were dissolved in 300 ul 1% Triton X-100 and aliquots were taken for scintillation counting and protein assay (10).
The effect of A23187 on cellular calcium was also directly assessed by measuring cytosolic free calcium ion concentrations using the method of Tsien et a].. (11) . Quin 2/ acetoxymethyl ester for this work was purchased from Lancaster Synthesis, Ltd., Lancashire England.
RESULTS
CCl, strongly suppresses VLDL secretion by isolated hepatocytes in the presence of nor2 ma1 (1.0 mM) or low (0.1 uM) extracellular Ca'+ ( Fig. I) . When not exposed to CC14, only a moderate reduction in the initial rate of lipid secretion was observed with low extracellular Ca2+ concentration ( Fig. 1 ).
VLDL secretion was inhibited considerably more rapidly by CCl, than was microsomal Ca" sequestration ( Fig. 2 ). After 5 min of exposure to CCl,, the rate of lipid secretion was reduced by more than 80%, whereas microsomal Ca'+ seques t ra t ion was inhibited only 20%. A further study (data not shown) was more sensitive (IDs0 approx 80 uM CCI,) to CCI, than was the effect of CCI, on microsomal Ca'+ sequestration (ID5" approx 150 uM CCI,).
Addition of the Ca2+ ionophore A23187 after incubation of hepatocytes for 45 min with ""Ca2+ resulted in a rapid loss of radioactive Ca2+ from the cells. Net loss of Ca2+ from the cells was confirmed by measurement of total cell Ca2+ (R. IJ. Waller, data not shown). The A23187-depcndent loss of cell Ca2+ has been associated with a rise of. cytosolic Ca'+ (see Discussion). That such'.b, rise does indeed occur was confirmed by us> of the fluorescent metallochrome quin 2 (11). A typical result (Fig. 3 The effect of several concentrations of A23187 in the presence of various extracellular Ca2+ concentrations on VLDL secretion from prelabeled hepatocytes is shown in Table I. No significant inhibition of the secretory activity was seen under any of the conditions shown. There was no stimulation of glutaniic oxaloacetic transaminase leakage from the cells during 20 min incubation with A23187 (Table 11) .
Extracellular digitonin can also force a rise in cytosolic Ca2+ concentration. When hepatocytes, prelabeled with radioactive palmitate, were incubated in the presence of digitonin, an increase in VLDL secretion was noted ( Table 111) .
DISCUSSION
On the basis of early effects of CCI, on liver cell microsomal calcium sequestration (I, 2, 3), the idea of a toxigenic calcium redistribution was advanced (4, 5) as a possible explanation of how early events of carbon-hal- ---t-lepatocytes labeled with ''C-palmitate were incubated at 37' for 20 min with the indicated additions. The amount of lipid secreted into t h e medium was determined by measurement of radioactivity in lipoproteins precipitated from cell-free medium as described in Methods. Reprinted with permission from Pencil ct a/. Biochem. Pharmacol, (in press 1984). ogen bond cleavage at the cytochrome P-450 locus in the EK are eventually expressed as the pathological sequelae of CCI, liver cell injury. 'The work reported here constitutes an initial test of this calcium redistribution hypothesis. The results of all of the experiments indicate that the inhibitory effect of CCl, on hepatocyte secretion of VLDL most probably does not depend on any putative redistribution of intracellular calcium. The inhibition by CCl, of hepatocyte VLDL secretion does not depend on a n influx of calcium through the plasma membrane (Fig. I) . In contrast to the extremely rapid depression of VLDL secretion by CCI, (half-maximal depression at about 2 min, see Fig. 2 ), the depression of microsomal calcium sequestration was considerably slower (half-maximal depression at about 13 min, see Fig. 2 ). 4 s a function of concentration, VLDL secreti6ri i s more sensitive to CCI, than is microsomd calcium sequestration (data not shown). The calcium ionophore A23187 was shown to cause a rise in cytosolic calcium concentration ( Fig. 3 ), yet this agent did not inhibit hepatocyte VLDL secretion at any concentration tested (Tables I and 11 ). A23187 did not cause release of hepatocyte GOT above control levels (Table 11) . Finally, a large rise in cytosolic calcium caused by digitonin actually resulted in an increase in VLDL secretion, rather than a decrease (Table HI) , but in this case digitonin did cause a significant increase in GOT release, indicating that some cellular damage also occurred. In summary, the results of these experiments do not support the idea that a rise in cytosolic calcium concentration is involved in CCI,. inhibition of VLDL secretion by liver cells.
TABLE Il-Effect of A23187 on VLDL Secretion and Release of GOT from Hepatocytesa

